Introduction
With the prominence of mathematics, statistics has an increasingly important position within an undergraduate student's academic and professional career (Garfield, 1997; Prybutok et al., 2009) . Multiple disciplines such as management, marketing, operations management, and supply chain management have adopted statistics as a required foundation class. Being able to analyse data and obtain new knowledge is also an urgently needed skill in the business arena (Franklin et al., 2005) . However, with a large number of enrolments, undergraduate students with a weak mathematics and statistics background may have trouble in understanding fundamental statistics concepts, especially the complicated ones such as probability, the binomial distribution, and continuous probability distributions, etc. Failure to understand and apply this knowledge subsequently prevents students from reaching an expected performance in upper level classes that require stronger data analysis skills. Although a great deal of emerging technologies such as graphical calculators, multimedia learning systems, and web-based learning systems were extensively adopted by higher education institutes, the results have not always achieved the expected educational goals (Moore, 1997; Palocsay and Stevens, 2008) .
Recently, with the broad and rapid acceptance of smart technology among students, statistics educators also attempt to apply the applications of the emerging technology (e.g., learning apps, interactive e-textbooks, smartphones and tablet computers) to help students learn. Facing an enthusiastic call for 'smart education' from society, many academics still keep a sceptical attitude toward the new fashion for several reasons. First, broad applications of smart technology in higher education are considered a great success in light of technology acceptance and marketing. However, to date no rigorous study shows that the smart mobile technology enables students to have better academic performance than the traditional educational environment. For this reason, previous research (Motiwalla, 2007; Wang and Higgins, 2006) suggests that educators should not blindly conclude that smart technology is a great enhancement to the educational sphere. Secondly, each discipline (e.g., statistics, history, medical, etc.) has its own specific ontological and epistemological structures, which further implies that a student has to adopt different strategies in the learning process to absorb and apply new knowledge. Thus, smart education should not be a simplistic content transference from the in-class section to the smart devices. Rather, we should look for an effective way to organically integrate the knowledge structure of a certain subject with the key features of the emerging smart technology, in order to 'smartly' use the smart technology and provide students with the tools for reaching optimal academic performance. To address this emerging challenge, we propose the 'iGuess to iGet' framework, that starts with an exploratory pedagogical proposal to change the format of statistics homework assignments, one of the most important tools to help students obtain the expected core abilities (i.e., creating modelling ability or critical thinking ability) in statistics education, and then correspondingly integrates smart technology in the pedagogical innovation process.
The new pedagogical framework
Our research consists of the following two sub-dimensions: 1 a pedagogical innovation on the standard format homework for undergraduate statistics classes 2 an effective use of emerging smart mobile technology.
First, from the pedagogical perspective, we propose an exploratory learning model, in which the student's homework assignment is redesigned into an 'iGet' template. Homework is an indispensible critical component of undergraduate statistics education (Cooper and Valentine, 2001; Palocsay and Stevens, 2008; Warton, 2001 ). van Dijk et al. (2003) argue that statistics education is a process in which students learn a variety of models (i.e., elements of symbolic and structured representations). Moreover, these models include introducing models and creating models (Gravemeijer, 1997; van Dijk et al., 2003) . In introducing model learning, students could directly obtain the knowledge from instructors regarding what models are and how to use them. Such a process is often accomplished by one-way lectures (i.e., teachers teach and students listen). By contrast, creating model learning presents a greater challenge to students. They not only need to know the components in the introduced models, but also need to engage in creating model learning that includes how to recombine and redesign multiple models to find the appropriate solution to practical problems. To achieve the goal of getting the creating modelling capability (other similar terminology for the ability includes 'critical thinking' or 'problem solving'), practicing in homework and getting feedback are essential for an undergraduate student in a statistics class (Palocsay and Stevens, 2008; Prybutok et al., 2009) . In fact, several previous studies (Cooper et al., 1998; Cooper and Valentine, 2001) have found that students who spend more time on doing homework will perform much better in exams than those who do not. In practice, the standard formatted homework (i.e., multiple choice questions) is broadly used (Palocsay and Stevens, 2008) . Such homework templates offer several advantages because it is easy to grade, but such approaches also have serious issues. The standard format of homework frequently fails to reflect how much the student has actually learned. For instance, a student has 25% chance to get the answer right for a question with four options, even though the student does not really know the correct solution. Even worse, the standard formatted homework fails to perform as an effective learning tool, especially when undergraduate students attempt to further understand higher level important concepts such as probability, binomial distribution questions by doing homework. As shown in the following example, if a student who has weak mathematics and statistics background attempts to resolve a probability question, he is very likely to use the 'I guess' tactic because the options do not give him any necessary assistance to learn.
Before proceeding to further discussion, we will show a comparative example (Table 1 ) to highlight the difference between the 'iGuess' template and the 'iGet' template. 'iGuess' template refers to the traditional multiple choice-based homework format which only shows final possible results to students. Compared to the traditional 'iGuess' template, the 'iGet' template not only offers the final results, but also provides a brief and critical modelling process to students. The new template provides students with an effective 'comparison-analysis-discovery' learning process when they provide answers to homework assignments. Table 1 shows a typical multiple choice question on probability used as a problem in statistics homework. Although the optional answers from the 'iGuess' template and the 'iGet' template are similar, the presentation shows a significant difference in the student's problem solving process. Compared to the traditional 'iGuess' template, the 'iGet' template helps develop statistics knowledge path building, which further consists of the 'comparison-analysis-discovery' stages. Comparison is the student's preliminary activity when they look at the four options in the 'iGet' template. In this stage, the student needs to deal with the 'what are they' issue. Comparing the options when the student is unsure about the answer enables the student to go to a deeper level of thinking, the analysis stage. The analysis stage requires the student to handle the 'why are they' issue. We suggest students could be separated into two groups when they move on to the analysis stage: The group of students who know the answer will choose option (C) because the correct mathematic model already exists in their minds. The group of students who do not know the answer will be the major beneficiaries of the 'iGet' template, because they have ancillary mathematic models listed in options to assist them in making the decision to choose the right answer. The 'iGet' approach also helps students understand how the answer is developed. However, in the 'iGuess' template, the critical thinking step is missing and leads most students who do not know the answer to blindly 'guess' the answer. The 'iGuess' template not only loses the fundamental function of homework assignments in helping students learn, but also frustrates students and ultimately fails to retain their interest in learning statistics. By contrast, the newly proposed 'iGet' template addresses these two concerns.
The discovery stage is the last stage of the 'iGet' template in a novel approach. It gives students the opportunity to receive rapid feedback regarding the right answer, but also why an answer is correct. The applications of smart technology, which are the second dimension of our research, are extensively used in this stage.
The new learning app development
To achieve our second research goal, we developed a statistics smart learning app by using Java XML and SQLite for devices running on the Android system. As the following diagrams show, students can access to a mobile-based statistics tutorial using the newly designed 'iGet' template for homework assignments, and can benefit from immediate and descriptive feedback. 
The student's feedback
To investigate the effect of our design, we introduced the smart mobile learning app with the 'iGet' format homework to students in the introductory statistics classes at a US university. Our investigation consisted of two stages: In the beginning of the semester, the app developer got permission from instructors and went to each section of the statistics class to inform the students that the learning app was available. The app developer also informed students that the download and use of the app were completely voluntary and anonymous. Thus, no extra credit was given to students that tested the app.
The advantage of not using extra credit is that we were able to collect the student user's honest opinion and a clear picture of the student user's experience with the new learning model by eliminating bias resulting from external influences. The total number of students enrolled in the statistics classes during the semester was 1,500. Two weeks before the semester ended, the app developer returned to the class sections and asked students to write an anonymous note indicating whether they had used the app. Students could also use e-mails or an online comment system to give their feedback to the research team. At this time, 165 students with Android devices have downloaded and used the app, and 19 students gave the research team feedback through online comments and e-mails. Table 2 shows the briefly summarised feedback from three perspectives. Table 2 Summarisation of the student user's feedback
Learning perspective
Learning motivation From the current study, we identified two lessons worth future research. First, the problem solving activities such as extracurricular assignments and practice tests are long recognised as extremely useful activities for students in the statistics learning process. Moore (1997) suggests that it is better to learn statistics by 'doing' than by 'listening'. However, issues of how to organically integrate these problem solving activities with the student's learning process are difficult to address in large classes. As we find in the current study, the 'iGuess' assignment template can only help instructors accelerate the grading work. However, the traditional assignment template does not help students understand the 'introducing models', nor assists them in gaining the ability of 'creating models' when they face specific questions. We suggest that statistics educators not only use assignments and practice tests as grading tools, but also use them as an important tactic to help students learn and understand. In the newly proposed 'iGet' template, we suggest that the assignments, if properly designed, can stimulate the student's learning interest, increase their learning motivation, and provide them with optimal learning conditions. Apparently, the 'iGet' template reduces the difficulty level of assignments because of the presence of ancillary models in answers. In fact, the newly proposed template shifts the focus of assignments from grading purposes to the student's statistical model creation training: For students who have already known the correct answer, the 'iGet' template is a good way for them to review statistical equations and understand how the theoretical equations are applied in practice by viewing the answer. For students who do not know the answer, the 'iGet' template gives them a hint by enabling them to compare and analyse the statistical model of each answer. The hint will not only help them understand each option, but also assist them in finding the path to the correct answer. Secondly, smart technology can play an important role in transforming contemporary statistics education. However, the concept of 'smart education' in statistics is not to simply add the emerging smart technology into the student's learning process. The application of smart technology should serve the purpose of helping the student learn, instead of focusing on adding only the bells and whistles of a fancy technology. In other words, educators should consider what key features of smart technology can serve their pedagogical goals, and then utilise smart technology accordingly. We want this work to show that smart technology itself is not the panacea for resolving the issues that statistics education is facing, but that its 'smart use' provides some promise. According to the feedback, students certainly show a preference for using smart technology to learn, but they focus more on how the contents can be helpful to their study and how the new type of assignments can improve their performance versus the novelty of the application.
